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Abstract of JP7086637 

PURPOSE:To uniformly inject carriers even in 
a multiple quantum well active layer containing 
a large number of layers, and provide yellow 
and green excellent surface emission LEDs 
that have a sufficiently high luminous efficacy 
and can be simply manufactured. 
CONSTITUTIONThe title invention relates to 
a LED that consists of a n-GaAs substrate 1 1 ; 
a double heterostructure section formed on the 
substrate 1 1 , composed of a multiplex 
quantum well active layer 15 sandwiched by a 
n-type cladding layer 14 and a p-type cladding 
layer 16; a p-GaAIAs current diffusion layer 18 
formed on the double hetero structure section; 
a positive electrode 21 formed on part of the 
current diffusion layer 18; and a negative 
electrode 22 formed on the underside of the 
semiconductor substrate 1 1 . The thickness of 
the well layer and barrier layer in the multiplex 
quantum well active layer 15 f is gradually 
varied in the direction of the lamination of the 
active layer 15 so that the quantum levels of 
the well layer will be gradually increased from 
the electron injection side toward the hole 
infection side. 



Data supplied from the esp@cenet database - Worldwide 




http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP7086637&F=0 



(i9)b*b*mot (jp) (12) & H # tfr & $g (a) (nmnmm'jkm&n 

#^¥7 -86637 

(43)&WB 7^(1995) 3 £31 B 

(so into. 6 mi&^ frftmmmn fi msm^mm 

H 0 1 L 33/00 B 



m&mx *m$t »2&®©»2 ol (^ 8 h) 



<21)H«#*| 



(22)ffl^B 



^¥5-225363 



¥^5^(1993) 9£ 10 B 



(71) ffi«A 000003078 

«*jii»;iww*Kwnnr72»jft 

(72) »W# »JR *A 

^iii»jn«m#K/M6im^»ri#« * 

(74)«SA #3S± »jr 



(54) [&i£(Z>£*W *»»^3tfeS 



(57) »tt] 

imsXl n-GaAs*Kllt, iroS«ll±l: 

4 r# p mt/ 5 s> hjb 1 6 -zm/vtzirjyv^T-ummm 
i a s mmmmm 1 8 1, ncD««is«s 1 8 ©— «k 

*sfiT#F«tts i 5 ©#F»tnu -vs©^ «. 



^-19 



18 

17 

16 
15 

14 

}13 
-12 

-11 

V22 



Patent provided by SughnnsMion, PLLC - http://www.sug hrue.com 



(2) 

I 

tiL±\zMa,tsnit. *a«r#FStt»&!B 1 

2<B««££JI«l,Tfc:tK 

KifcJgfSSnfc, «ttB&»l*«H&(^*2»*^ 
£JM§LTfcD, 

[0 0 0 1] 
[0 0 0 2] 

— H (LED) ©R!58#^fc«a&enTv»3. CO* 

»te«fc**9i«LED©BI»««a[*tiT^. 
[0 0 0 3] InGaAlP*fi»t SMsftSHKI 

1 1 - vttft«tt¥»ft«*^TftfccDd[tta»ax^ 

*-*tyyt*li 0. 5-0. 6/imff«*f 
»»tLtaiSnT^5o mz, GaAsSMi 
U SiniClfrTap&T* I nGaA 1 Plcfc*SBfc«£ 
^pn^lLEDH »GaP^GaAsP§ 

*T©WIW*©«3fc^PlttT?**. il&l¥fl?£>LED£7& 

[0 0 0 4] H8lCInGaA 1 P»3K«**-r*fi6* 
(DLEDO$fiMffl0^tc H*81ttn-Ga 
AsiraO, £(Z>g«8 KD^ffi±K:n- I nGa 
AlP^5yHl8 4, InGaAlPgili8 5, n 

- I nGaA 1 FJ18 6^&ft*^MrD 



4MH*7-8 6 6 3 7 
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n - I n G a A 1 PtKB±l 8 7 tfim&m&Ztl. « 
SKffiihB8 7«a«X^^>ytC<fcoTPl^lCjOX$n 

[0 0 0 5] ^t^i8 2^1%1±18 7 -tfc 
il, p-GaAlAstIWS8 8Wp-GaAs 
3>**h»8 9**#JS3*U hg8 9tt«i8 

LT, □ >^ ^ M 8 9 ±l: pfltS 9 1 «JMSn, 
&&8 lC0a®«iJ{CnMmffi9 2d«^tlTV^. & 

*5, z.<Dm?iz&tfz>&yt&&9 3?^t, «8s»w* 

[0 0 0 6] SKOSOLEDIC^^TVi, & 

©j&#W*£froT^*. Sllfc, InGaAiPil 

&m^z>^t\z£r> n&m#rcmnm<D led »na $ 

*l<«tt*. unit fi«fiflso&*fcAi3iajSft 

■ T« y 7 y y R# JB ©3t«t 0 m L3» 

&it \z&vt& mffi*v>&» sf? 5 e t a nx v > 

[0007] &&m*m*m&*:mtMt3r%>h. wt 
m<oA i m&&&<?zc£fr<mTmmz&~>TM& 

L*»U LEDB»©#««^#F«ia©»»H^ 

V> (VKtt. ^«fll^ttft#1 9 9 3¥«, 1 1 1-13 
02) . Ctitt, #FH^6/tU^JR^4£A^^U7fftt 

[0 0 0 8] U3M/3te««6» ttA+tUrMCDM* 

?L«. 'J ti#l©#ft[:<fc o 

n«|J6 ttt«bT**^S»*a#»*ft#* c £tex# 

[0 0 0 9] S2fc. fi^S 8 IC^LfcL EDICTS v>X 
te, *2fttt11UR8 8fc^^T5^«T?^i;fc^»JK$ 

te«V>#»M«£<Tttfc&fcV>. I no. s (Ga 
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i-. Ai« ) 0.6 (O^x^i) l::43V>Tttu 

&Z>. pinfiWn-InGaAlP^ 
7'^Hi8 4 fcft^Tte^ M&E 8 5 \Zit^<X/i> K 
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[0 0 10] GaAlAsiC^Tfet 

ft\zmm&&&*ittb\z}*, mm&ift7 umhm<Lfx 

[0 0 11] 

WW3^«»UJ:5tT*IUi] inGa 

\z£rmmT#wmm&&mvrcm&. mn^m^m 

*7*azS-(D&rF^±m&o4&l : \Z'z>te& 

[0012] *«wtt±ga***#jtL/T^3nfct>o 

[0013] ^fc> *mm<D*>5—-Dv>&mz* m^m 30 
WLMotmRxfmm&mwrzztiz&t)* mwamm 

So 

[0 0 14] 

«2ftEl) m ^ 

tiitn 2 0mm £&Mtffiisit*m#9ffimw\z&^T, 
&mm^#F i fe&m\*. wiowraMKttbT, #f 

[0015] *sg$i (w*j®2) K % jgi*m^ 
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— «ic*ri6*n&SB 1 a>««&. *m&&&<o*ma\z 
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(3) InGaAlP^e^^utc 
[0 0 18] *S£I8 (SWcJg2) ottfRtt. *P©J*« 
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(4) ^WGaAs, yy^T-DKBtaS^I n 
G a A 1 P*#»a>£;&;5££ 0 

[0 0 2 0] 

» s «fc 5 #f#bb<d#/^ ;* *swrr * 

£<hlc<fc0, »*©*V>#SS^#F«iilC*v>Tfe* 
LED H <h*tT ^ S . 

[0021] m&m2) \z£n& mm^mm 
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mm~rz>. tz&. &rf\zwim?z>mi'~m4<ommm\* 
an** 2) \zm? zmm&m&z. 

0MMU) Hltt*«M©»l©|8«flfJfc«t)*LE 
DO*^«B6&^-rBffDSHT**. ^lllin-Ga 

AsMwo, i©»bb«: (i o o) m& 

6 [Oil] ^iRjfcl 5° fllftbt^S. g«l l±tC 
te, n-GaAs/ty77ll2, n-Ino.s Al 
0.5 P (Si P— 5X 1 0 17 cm 8 ) tn-GaA 

s (S i P— 7 f 3xiO l7 cm- s ) 0 10^^ 
^ni^y^fiMiU. n-Ino.s (Gao.s A 

1 0.7 ) o.i P^^srPJBl 4 (Si P— 5X10 
17 cm" 5 ) , *ll?#F«tI15S^p-Ino. s 

(Gao.s A 1 0.7 ) o.5 P9 5y PS 1 6 (Zn P- 
^, 5X1 0" cm" 3 ) e> £ D 

[0 0 2 3] ^77H116±l:H n-InGaAl 
Piffi^I 1 7 (S i P— ^, 1 x 1 0 18 cm 3 ) # 
HJ§Mftfc#/£3ftT;&tK HftSOLbfcrip -Gao.s 
A 1 o. 2 As (Zn p— 2X 1 O 18 cnr 3 ) 

zmm&Wim 1 8*«snT^^ i s± 

\Z\t, p-Ga As hJgl 9 (ZnH-^ 5 

x i o 18 cm-') #H#ttKJMisnTv>*, *-lt, 

hJIl 9<D±ffi£r*Au-Znfr£&5p^« 
@2 l^feiP^n, S«l 10TMtC«Au-Ge^?» 

CUMOCVDS^V^ 1 2~1 7S:lIeIBOJ*gT 
JMfcU 18. 1 9£2@a(Dj£gTEa*L&. 
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*»MtftoTV^. J1J1T, 
#FittIno.s (Gao.7 Alo.s ) 0.5 P, AUiT 
■ttl no. 5 (Gao.6 A 1 0. 5 ) 0. s PtLfc, A'J 

PJB1 4llgt>jfiV^^5nmT> p-^5yHil6 
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jo jc#uti4p«^s nmzfafr^T&Tmmm* \zm 

fc*;i<LT*T*Ptt, 

[0 0 2 7] ^BOLED^rat i&fe^KfcfbT 

a? ioc dtDmn&ftmmztut. zn\^ inGaA 
(smm 2) 03 *«w©»2©ssifi«-e«fflufc 

^SS^#F«&J1<dx*;i^-a-> py-r A£ 

#F®te: I no. 5 (G ao. 7 A 1 0. 3 ) 0. b P, 
A'JtlttI no. 5 (Gao.s AI0.5 ) 0.5 PT^ 

- ^ 7 7 H I Hi feilf l/i W 5 n ml?, I^4nm, 3 
30 nmt»<^ot^D, /1U1rJWbn-??y PJfH 
»fc5B^«|]0«5 nm-C, i*4nm, 3nmti<lT 

[0 0 2 8] JlcDi:3^ /1UirlMWip-**y PJB 
HtfHU«*««*«#Sn*Jii:T**. ^(Dfctb. L 

[0029] *mnmzj:*DX*>. led^^t^ 

40 fl»:#LT 1 0 c d©**«^»6nfc, k 

cn^iMtm<, »«*j6wr*jitTt>iii 
/t«jirB©*saenu n-^7yHi»ep-^7 
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[0 0 3 0] 04 (a) ©»^fcttytU+JBtt7>H— 
7T&£o ^^T, #FittIn 0 .5 (Gao.7 Al 
o. 3 ) a. 5 P, nUtllJ I n o . e (G a o . 5 A I 
o.s ) o.sP<hbTv>£. #FJB£/1U-WB©'Vrn» 

mn=?mmcm<r>isft%. z:<Dvtm 

^#F<Z>^ft b Tte^S&^T » £ o 
[0 0 3 13 — 3u 04 (b) Ocfc^fCAUir^^nSS 
\Z F-y (CCTttS i) $n^^DX-ir>^-t^« 
ft*»v>*ffi#F*-»ffi£fttK eiff©7x^5 

ttHOJ:5fce*»«fcjS5<» ««^#*Jfc8<ft*cfc 

«W<DJ;5fc/tUirJB<D*£S i F-:/b&*<&, fi&fe 

#FSeSox^-;^ t^7 A* 
tkTo #|g«^Ttt*fi»T#F*B«fcfcv>T, n-* 

S^F«ificofc«)ICiE?L«, p - ^ 5 y 
JBS-r^iftftoTv^. «?afc. f&3 0^fifl<hifc* 

[0032] ***«^^viTt>*j»Wb^»6n» jr 

Ml^lT 5 c d©»»M*tt#»&n&. utllt 
I n G a A 1 PSMitLfc^MfniiLED 

[0 0 3 3] ±jfib&#£JIMTttlSttJlfcbT 
InGaAlP^^i, EnteHM* I n G a A s 
*fflv>*2l£trC£* EfcttZnSSeftf© II-VIlS 

TttLED<DMfli**i/&^ ^m^f©*?*^ 

*«H U ICS: S <fc 5 B A-rntf U"1f K fcSffi a<T 

«Wk:Mlffft*^otttt*teJt^+»tt»ntfJ:Vi. o 
V»to^*2^e**OJ;'5fta»«ffi^ntfJ; 
HWNC «*»T^i;&3tt3W!8iKSnft^ft:«6^ 
\Z* mmm\zm&.ttfa<Drt>\!**y73L*)l>¥—& 50 
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fc^Jt*^s»©«w»<ft?), *©«wbaswtt 

b»*©[Sa±£tt**oTV*<&. 

[0 0 3 5] H6tt*»^(D»5©*Jt«fc«t)*LE 
DO^UBfiS^TKHHT**. ^*3 1ten-Ga 
AsliT^D, £Cr>S&3 1 <D^M±l£, n-In 
o.s (Gai-. Al, ) o.s P^7yHi34, In 
o.s (Gai-, Ah ) o.s P*gte^35, p-In 
o. 6 (Gai-, Al. ) o.s P^7yHI36, *>£ft 

s^ji^^nttstt <**«*») nr 

v>* 0 ?7)l''\y L U$:m&?2> I nGaA 1 P£J|0>A 
lt&jftx, y, zH. WViJBfcaWftSn^i^fcy 

2>x, y£z RI«. 56*»i:ft*|gttJi3 

5 0A>H^t7^P, n02 ~D<D& 5 y F/H 3 4 , 

3 6 J; D/h$^^Mfna^M^nT^5, 
[0 0 3 6] ?7)V<\T-alKmm±:\z\** p-Ino.i 
(Gai-t Al* ) o.s PWp-Ino.s (Gai-, 

ai* ) o.s vfrtt&attm&ommwtM3 Btfi 

liL&m&t<tlT^Z>c «%ft%JB3 p-In 
GaPJ>^^hl39 a&i;p-GaAsn>^^ h 

9±tCAu-Zn^^ft^pffi!ll|ffi4 lffl^n, S 
«3 l<A^CD^ffi£Au-Gea>£ft£n^ffi4 2 
J&^^^tlTV^o ft:&, #Jgca/&gfcriMOCVDj£ 

[0 0 3 7] t«[TO3 8»ninGa 

A 1 P^lOAlMw, vlJOTlil^lTSiT 

^«t5f:»S. »*IBt J;*, 
(w+v) / 2 \zmfe-?tL&J:\,K y=0. 
5, x = z = l. Otlfc^ «Sifi£«Jl 3 8 omit 
\*. (I no. 5 (Gao.7 A lo.s ) o.6 P, 10 

nm/InAlP, lOnm) ^5 0^, (In o.s 
(Gao.7 A 1 o. s ) o.s P, 5nm/I nA 1 P, 5 
nm) *t5 0^ (I no. 5 (G ao. 7 AI0.3) 0.5 
P, 2nm/InAlP, 2nm) AUOO^ODiSi 

[0 0 3 8] ft*5, MTTteZOZSte^J^TUm 
S*A*±T?tt«ttJB«©JB*ifitt*Rrttft<, 

?)^Ta&&mm***&&mmv*ftmz^?Lz> z. 
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[0 0 3 9] U7«Stt, KTfcftSlrtfcjj* 

n-GaAsIS3 1 (8 0/im, 3X10 18 cnr 3 ) 
n-InGaAlP^77H!34 (1/im, 5X10 
17 cm" 3 ) 

InGaAlP^tI3 5 (0. 5 urn, 
p-InGaA!P^77Hi36 (1/zm, 4X10 

17 cm 3 ) 

p-InGaAlPittti3 8 (0. 2 8 um> 1 
Xl0 18 cm s ) 20 
p-InGaP3>^^M39a (0. 0 2 5^m, 
3X1 0 18 cm 5 ) 

p-GaAsn>^^M39b (0. 1 tim, 3X1 

0 18 cm" 3 ) 

[0040] ±tmmtffi&<oMm£gki*zj!iL\t* mm, 

J£*B3 8£InGaAl P*»*«>&ftS* 

[0 0 4 1] p-InGaAlP«««13 8fl I # 
nGaA 1 PaaW^SftSffl^TfllljE^nTv^. 
I n G a A 1 P A 1 SAJt^AAd t, n> 

H^ty^M-^O, A 1 MHiik<D h 

^amiC<<^'5 (K, Itaya etal.Jpn J. Appl.Phys. 5 
A, 1919(1993)) o 
[0 0 4 2] pitl4 1^^nfllS4 2M 

7««aasnfl<ao, ft*, cn^coj: 

1 8 3^6ftActnfc«»ttp- I nGaA I P«ffiftft 
[0 0 4 3] Sfc, »36JB^&Mfe*tt> ^5yHH3 

6 eaai&flKttHsiRji 3 8 kai«-*. tm&m 

138 ATBJB«f*3mB»7 «KS<0£M»!T*ft 0 . ± 

TvK. ^t, ^7 7^3 6^1311/^1:, % 40 
#ftJBJU0A»A&»oTvVCtK «««MRJf3 8 Sffl 
5tf KB JMIBTF t ft D Ift D m 3 n**(D«s|s^iilHI 

^ft < ft o fc* fentc^ o arr c s £ 5 Kft 
j;oTtt*atE»t>w«Bi:ftD, a**Ds&K36i[m 
[0044] ±atufca««BSTD«««4 10 

iliA&2OOMm0tbTMU I no. 5 (G a 50 



$#B§¥7-8 6 6 3 7 
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1-, Al y ) o.b P^tti3 50A im«y(C0. 5£ 
5 5 8 nmlcSaatfiWU 3K«**1 c d 

[0 0 4 5] fc*S6»«^i:ntf, 
ftlsXmWrs »^l:M$^^InGaAl 

0. i~&umnm<Dnm-v&'DX*>nm2 1 

So 

[0 0 4 6] ft*5, *58Wtt±3fibfej8B«fJfclHft$n 

s&<zm*ftv>« xuMTtt. it^ft»j§£ft/frrs i 

nGaA 1 PCD A I m&S£wXXfiv OWfe*— fetlslt 
ifi. *3ti**IC#UTaWKftaJ:'5ftia*dt)'ti-T* 

Jr*3&t»<ft*«fc5fc:aArTt),fcvi. SBiwett 

ft<* »«BtMft*lRia:*^Hrt©JS»t*JtJC«U 

^©JMifcJffliMSOtt^G a A lAs^t *j7m*WftL 
[0 0 4 7] *JS«Ttt^^^n»-&a, « 

KXIMAlc I nGaAl PMHMV^A COWL 

5 «:»s*oa»*t)tT*ntf «k^. mam 

fc^£:bt\ ««S;1»*J*B»^S«lJ«^€rSJ;5ft# 

»*o?m*'&to*T*ntfj:<, ivft, iv-ivs, 111- 

v ft, ii-vi ft *;^;H7>f h**$*m»fi 

[0 0 4 8] 

^FB©*PflMft3W*tr < ft* £ -5 K^mS^#F#!ii 

KS5 < , KbEfS fc«*ft«n&M*3tffl 

[0 0 4 9] Sfc, (a*J12) tcj:ti«, 

i4«S*fcSSJt^V^iHjRo^aio>FafflftjB»f«| 

»omu«s*©rti±«tt)^*ct30«T**. got, i§ 
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x*;M*-/\* >F^f WvLk erases. 

[0 3] *g 2 ©^^T^ l,fc#MT#F^£Jia> 

[04] fg 3 O^JSfclTS&B Lfc^SS^#FfS£Jge> 
x*;l/^-A> F^ir^A£^-r£a;0. 

[06] m5©^Jg^tC^t)^LEDCD?R^#lii^T 

»rffi0. 

[0 7] mscD^^T^bfem^^Sox^;^ 

[0 8] I nGaA 1 P»W**t5««)LEDO 



22 



20 



9] ffi*0*llf#^tt8(DX^M-;0 F 
^^7A£^T85£0o 
[»^CDtt^] 

11,3 1-n-GaAsIS 
1 2-n-GaAsA>77l 
1 3-75y#Rttm 

14, 34-n-InGaAlP^7^HI 
1 5 •••#M*?#F®SUi 
16, 36-p-InGaAlP^7yH 

1 7-n- I nGaA 1 PWftSPMI 

i 8-p-GaAi Asnmzmm 

19, 39b-p-GaAs3>^^h§ 

2 1, 4 1-Au-Znri>£fc5p<|jmffi 

2 2, 4 2-Au-Ge^^nUta 

3 5-1 nGaPfiH£J§ 
3 8--4m?&«tr«9t&fl« 
3 9 a — p- I nGaP3>^# F 
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#P«l^50A' #RflW40A* #F»»30A' 
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Atltltu* 



^uumr' 



? 9 "7 KB 



p- 

^7 7 KJ 



Juinz/uiniV^JinJUL 
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